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ABSTRACT
Two sediment cores were recovered from the Joinville-d’Urville Trough on the 
Northeastern Antarctic Peninsula (AP) during United States Antarctic Program cruise 
LMG04-04. KC3 was recovered from a sediment drift off Joinville Island. KC16 was 
recovered from a small basin west of the drift. Both cores show a two-part magnetic 
susceptibility profile: the upper section shows regularly spaced highs and lows, followed 
by a large amplitude drop. The susceptibility profiles of these two cores are similar to 
those found on the western side of the AP. The purpose of this study is to determine 
whether the same processes drive magnetic susceptibility on both sides of the AP. 
Susceptibility in KC16 is inversely correlated with diatom abundance, as expected. 
However, susceptibility in KC3 and KC16 is positively correlated with Si abundance and 
inversely correlated with Fe abundance. Susceptibility is also positively correlated with 
Ca and Al, suggesting that magnetite inclusions in silicates such as plagioclase may be a 
strong control on both the susceptibility and geochemical signals. Susceptibility peaks 
and troughs in KC16 and KC3 all exhibit a magnetic order/disorder transition at ~117 K, 
which we interpret as the magnetite Verwey transition. Curie temperature analyses also 
confirm the presence of slightly oxidized magnetite in both cores. Particle size analyses 
of KC16 and KC3 show a progressive coarsening of magnetite down core. Medium to 
fine silt-sized particles dominate in both cores, as well as in surface samples collected 
throughout the study area. Therefore, the magnetic coarsening is not related to bulk 
sediment grain size, and is a function of diagenesis. The susceptibility drops in KC3 and 
KC16 are dated at 390 yr BP and 2050 yr BP, respectively. These features are interpreted 
as climate transitions. The 390 yr BP feature in KC3 represents the termination of the 
Medieval Warm Period and the onset of the Little Ice Age. The 2050 yr BP feature in 
KC16 is interpreted as the onset of the Neoglacial interval on the northernmost Antarctic 
Peninsula.
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1. INTRODUCTION
The Antarctic Peninsula (AP) has been, and is currently undergoing dramatic 
climatic changes (Rignot et a l 2004, 2005; Scambos et al., 2000, 2004; Smith et al., 
1999; Turner et al., 2005; Vaughan and Doake, 1996). Recent warming of the region has 
been blamed for the rapid collapse of ice shelves and retreat of glaciers on both sides of 
the AP. For example, Fleming Glacier, located in the Western AP where Wordie Ice 
Shelf used to be, has been experiencing a negative mass balance, with more ice retreating 
each year (Rignot et al., 2005). On the eastern AP (EAP), the Larsen-A and Larsen-B Ice 
Shelves collapsed in 1995 and 2002, respectively (Vaughan and Doake, 1996; Scambos 
et al., 2004). Mean annual atmospheric isotherms, which control the occurrence of 
fringing ice shelves on the coasts of the AP, have slowly moved further south (Vaughan 
and Doake, 1996). The changes in temperature have caused instability in the form of less 
sea ice, thus an increase in wave erosion, more melt water ponds whose waters percolate 
through the ice shelves, and a decrease in snow/ice accumulation (Scambos et al., 2004; 
Vaughn and Doake, 1996).
Cores recovered from fjords, bays and basins of the western and northern AP have 
been analyzed and give us a record dating back to the early Holocene of climatic 
oscillations and oceanographic changes that have taken place there (Leventer et al., 1996, 
2002; Domack et al., 2001, 2003b; Brachfeld et al., 2002; Shevenell and Kennet, 2002; 
Taylor et al., 2001). Sediment cores collected from recent ice-free waters of the EAP also 
record a history of climatic and oceanographic change. Two kasten cores recovered from 
the Joinville-d’Urville Trough display magnetic susceptibility (y) signals that are similar 
to a regional signal that is prominent on the WAP, one controlled by biogenic and
1
terrigenous inputs (Brachfeld et al., 2002; Leventer et al., 1996). Thus this project was 
bom in an effort to determine and identify which factors are affecting the sedimentary 
record of the EAP and if they correlate to those from the WAP.
2. SITE DESCRIPTIONS AND STUDY AREA
The AP extends -1250 km north from the continent, in line with the Horn of 
South America. The coasts of the AP vary in their oceanographic, climate, and ice 
regimes from north to south and west to east (Schneider, 1999). Climate of the region is 
controlled by ocean currents flowing around the tip of the AP and by atmospheric 
circulation. The WAP receives milder northwest winds brought in by the Amundsen Sea 
and Bellingshausen Sea Low (ABS Low), whereas the EAP receives colder airflow 
driven by the Weddell Sea Low and continental airflow. The two sides keep their 
contrasting climates due to the trans-AP spine, a narrow mountain ridge that rises 
approximately 3500 m above sea level (Domack et al., 2003a-b; Schneider, 1999; 
Schwerdtfeger, 1975).
The Joinville-d’Urville Trough and Larsen Channel are located on the 
northeastern tip of the AP, between Joinville and d’Urville islands (Figure 1). The AP is a 
magmatic arc of Mesozoic age that intmdes Paleozoic strata and intermediate grade 
metamorphic rocks known mainly as the Trinity Peninsula Group (Craddock, 1972; 
Domack et al., 2003; Anderson, 1999 and references therein). The exposed outcrops on 
Joinville Island consist of Carboniferous metasedimentary rocks, Jurassic volcanic rocks, 
including basalts, and rhyolites, and Cretaceous-Tertiary granitic igneous rocks 
(Craddock, 1972). Geology for d’Urville Island is unknown due to snow and ice coverage 
(Craddock, 1972).
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Figure 1. Map of Joinville and d'Urville Islands, and locations of surface grabs and core 
sites, Northeastern Antarctic Peninsula. (Modified from Shevenell et al., 2002, and 
Google Earth).
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The study area site is well situated to monitor Weddell Sea/Bransfield Strait 
Surface Water and Weddell Sea Transitional Water, two currents that flow from east to 
west around the tip of the AP, counter to the Antarctic Circumpolar Current, which flows 
from west to east around the Antarctic continent (Figure 2) (Orsi et al., 1995, von 
Gyldenfeldt et al., 2002). The AP acts as a boundary for the Weddell Sea and its cyclonic 
gyre, known as the Weddell Gyre, which flows in a clockwise fashion. The Weddell Sea 
is a source of Antarctic Bottom Water (ABW) that forms along the Antarctic coasts 
(Gordon, 1971; von Gyldenfeldt et al., 2002). This cold and saline deep water flows 
northward and is eventually incorporated into the World Ocean. The Weddell Gyre and 
the waters formed in this vast region are directly and indirectly involved in the global 
ocean thermohaline circulation (Gordon, 1971; Gordon et al., 2000; von Gyldenfeldt et 
al., 2002; Orsi et al., 1992; Schwerdtfeger, 1975). For this reason the site was chosen in 
order to monitor these Weddell surface currents and the role they play in the global 
transfer of heat.
The study area is northwest of the Weddell Sea Gyre. According to von 
Gyldenfeldt et al. (2002) and Gordon et al. (2000), very cold and saline waters are found 
within 60-70 km from the coastline. The region off of Joinville Island (~50 km) is 
characterized by high dissolved oxygen, salinities of 34.5-34.6 %o, and cooler 
temperatures due to recent exposure to the atmosphere. Table 1 shows characteristics of 
the waters near Joinville and d’Urville Islands (modified from Gordon et al. 2000). 
Current velocities are moderate to low on the shelf southeast of Joinville Island but are 
strongest northeast of the island, on the shelf of the Powell Basin, as seen in Figure 3
4
(Gordon et al., 2000; von Gyldenfeldt et al, 2002). Currents have been measured to be 
stronger during the winter and weaker during the summer (von Gyldenfeldt et a l, 2002).
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Figure 2. Current flows in the Northeastern Antarctic Peninsula. Our study area is 
highlighted in the solid green box (modified from von Gyldenfeldt et al., 2002).
Table 1. Characteristics of water flowing in the region near Joinville and d'Urville 
islands. (Modified from Gordon et al., 2000).
W ater T ype P o ten tia l T° S a lin ity O x y g en  m L /L
L o w er-sa lin ity
s h e lf
-1 .8 9 4 34.5 7 .47
S a lin e  s h e lf -1 .9 4 3 4 .5 9 9 7 .69
7
56 W 52 W 48°W
Weddell Sea
56 W 52 W 48 W
Figure 3. Map of study area (highlighted in green box) with nearby mean current vectors. 
Italics numbers indicate average speed in cm/s (modified from von Gyldenfeldt et al., 
2002).
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KC16 was collected in a basin north of Joinville Island in a water depth of 743 m 
(Figure 4). The sub-bottom profile at this site shows parallel acoustically well-stratified 
sediment at least 20 m thick. Seismic reflections are strongest in the upper 10 meters and 
are no longer visible below 20 mbsf. The seafloor surface is irregular at KC3. The sub­
bottom profile for site KC3 shows a small asymmetric sediment drift that is acoustically 
laminated in the upper 30 meters and transparent below 60 meters (Figure 6).
3.1 Field Methods
A sub-bottom profile across the site of KC3 was collected using a Knudsen 3.5 
kHz chirp profiler during cruise LMG04-04. A 3.5 kHz chirp profile was collected across 
the site of KC16 during cruise NBP12-03. Kasten cores and Smith-Maclntyre grab 
samples were collected during cruise LMG04-04 within the Joinville-d’Urville Trough 
and Larsen Channel (Figure 5, Table 2). A kasten core is a 3-m long steel-coring device 
with a 13 x 13 cm square cross section. Kasten cores recovered on cruise LMG04-04 
were photographed, described, and subsampled onboard ship. Kasten cores were 
subsampled for foraminifera, diatoms, water content, organic and inorganic 
geochemistry, and magnetic granulometry. In addition, a continuous u-channel sample 
was collected for paleomagnetic analyses. Volume-normalized magnetic susceptibility 
measurements were made on the u-channels using a Bartington MS2-C 4.5cm diameter 
sensor. Samples collected onboard were shipped at 4°C to their respective universities to 
be analyzed.
9
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Figure 4. (a) Bathymetric map of Larsen Channel and areas around d’Urville and 
Joinville Islands. Black space indicates areas not mapped, (b) A sub-bottom profile of the 
basin where KC16 (red circle in A) was recovered at 743 mbsf. Bathymetry and sub­
bottom data were collected on United States Antarctic Program cruise NBP12-03.
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Figure 5. Sub-bottom profile across the Perseverance Drift and the site of KC3 (inset) 
and locations of kasten cores and Smith McIntyre grabs collected near d’Urville and 
Joinville Islands (from Domack et al., unpublished cruise report 2004).
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Figure 6. Close-up of sub-bottom profile for KC3. Red line denotes boundary line 
between sediments that are acoustically laminated above, and transparent below (from 
Domack et al., unpublished cruise report 2004).
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Table 2. Sample identification, water depth, and coordinates.
Sample ID Water depth (m) Latitude (°S) Longitude (°W)
KC16 743 63 04.283 55 49.407
KC3 758 63 08.137 55 18.759
SMG-3 751 63 08.109 55 18.838
SMG-5 687 63 08.219 55 24.719
SMG-6 285 63 04.002 55 20.497
SMG-7 614 63 05.747 55 28.447
SMG-8 654 63 02.973 55 28.732
SMG-9 623 63 04.973 55 34.460
SMG-10 363 63 06.742 55 02.029
SMG-11 528 63 12.773 56 25.275
SMG-12 430 63 05.999 55 54.429
SMG-13 736 63 04.226 55 47.987
SMG-14 750 63 02.029 55 40.459
SMG-15 910 63 03.315 55 34.017
SMG-16 728 63 04.235 55 49.468
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3.2 Laboratory Methods
KC3 and KC16 were subsampled for magnetic granulometry every 1-cm. For this 
project, we processed every 2nd sample from 0 to 26 cm, and every 6th sample from 26 cm 
to the base of the core. Sediment samples were freeze-dried in plastic vials using a 
LABCONCO Freezone 4.5 Freeze Dry System. Samples were held at pressures < 50x1 O'3 
mbar and temperatures < -45° C for at least 24 hours until the samples were dry. Freeze 
drying of samples prevents the formation of hard baked clumps that are typical of oven- 
dried sediments. Freeze-dried sediment easily disaggregates, which allows grain sizes to 
stay intact for both bulk and magnetic grain size analyses. Freeze-dried samples were 
weighed, placed in a gelatin capsule, inserted in a drinking straw (used as the holder) and 
placed into an AGICO KLY4 Kappabridge for room-temperature (~25°C) mass- 
normalized x measurements. Measurements were made in an applied field of 300 A/m. 
Measurements were repeated three times and then averaged for the final x value. This 
value was then normalized by the sample’s mass.
Sample preparation for Inductively Coupled Plasma Optical Emission 
Spectrometry (ICP-OES) analyses consisted of mixing 0.1000 g of freeze-dried sample 
with 0.4000 g of lithium metaborate flux. We used a weighing precision of 0.5% for both 
the sample and the flux: sample masses were acceptable between 0.0995 -  0.1005 g, and 
flux masses were acceptable between 0.398 and 0.402 g. The powder mixture was then 
placed in a graphite crucible and heated inside the furnace for approximately 25 minutes 
at 1050°C. After 25 minutes, the molten bead was dissolved in 50 ml of 7% nitric acid 
and placed on a Thermolyne Type 7200 magnetic stir plate until completely dissolved. 
This initial solution, which dilutes the sample by a factor of 500 (hereafter denoted 500x),
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was filtered and transferred to a 60 ml Nalgene bottle. 6.5 ml of the 500x solution was 
then pipetted into 50 ml of 2% nitric acid to form a 4000x dilution. The 4000x solution 
was measured on a Jobin Yvon Inductively Coupled Plasma Optical Emission 
Spectrometer (ICP-OES). Major and minor elements analyzed include: Si, Ti, Al, Fe, Mn, 
Mg, Ca, Na, K, P, Ba, Cr, Ni, Sc, Sr, V, Y, Zr.
Blank samples were prepared with each batch of 6-12 samples. A ‘blank’ sample 
consists of the lithium metaborate flux only, melted in a crucible, dissolved in nitric acid 
and diluted to a 4000x solution. The purpose of the blank in each batch made was to 
monitor if any contamination is present in the data, either from the sample preparation 
process or during the analysis in the ICP-OES. The blank is also used to subtract the 
background composition generated by the flux and the nitric acid. The 4000x dilution 
samples were placed in 15 ml tubes and placed in autosampler racks. We performed 3 
replicate measurements for each tube. Each rack of samples was measured three times for 
major chemical analyses, twice for the minor chemical analyses (for the SMG samples, 
both major and minor where measured twice due to available space and time) and the 
results processed and averaged using Microsoft Excel.
A drift solution was measured along with the samples and blanks. The drift 
solution is a one liter mixture of old 4000x solutions to which we added spikes of the 
following: 3 ml Cr and Ba, 2 ml Ni, 1 ml Sr and V, 0.5 ml Sc, Y, Mn, P, K. The drift 
solution is used to monitor fluctuations in the instrumental operating conditions that 
occur during the measuring of samples. Such fluctuations include temperature changes, 
gas flow changes (whether argon or nitrogen), or nebulizer pressure changes. The drift 
solution is the first and last sample to be measured on the ICP-OES, as well as after every
15
fourth sample on the autosampler rack. The composition of the drift solution is constant. 
Any changes measured in the composition of the drift solution are attributed to 
instrument drift, which is then corrected during data processing. The raw data exported 
from the instrument to the data file is the net intensity of each sample for each element 
analyzed. The net intensity is the peak intensity at each element’s characteristic 
wavelength minus the average of 2 background measurements.
12 USGS standards (Table 3) were used to derive calibration lines for each 
element measured. The standards were processed in the same manner as the sediment 
samples. These standards have known compositions, which are available at 
http://minerals.cr.usgs.gov/geo chem stand/powdered RM.html. In the calibration 
charts, known ppm in solution (y) is plotted against measured intensity for each of the 
standards (x). A linear trend line is fit to the data points. The equation of the line 
y = mx + b is then used to calculate concentration in an unknown sample (y) from the 
measured intensity (x).
All ICP-OES data were processed using Microsoft Excel spreadsheets provided 
by Dr. Matthew Gorring. The spreadsheets contain templates that facilitate transfer and 
input of data, and apply the blank and drift corrections. With each new rack of samples 
the user need only enter their sample and acid masses and derive the new calibration 
lines. The data can be calculated to obtain weight percent oxides or concentration in ppm. 
We use ppm in this study.
16
Table 3. U.S. Geological Survey geochemical reference materials identification, type, 
and location.
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Magnetic hysteresis analyses were made on a Princeton Measurements Corp. 
3900-04C Micro Vibrating Sample Magnetometer (VSM). We measured the same straws 
as were used for x* Magnetic hysteresis is a useful tool in determining magnetic domain- 
state, which depends on grain volume. We use hysteresis parameters as a rough measure 
of magnetic “grain size.” A hysteresis loop is formed by measuring a sample’s response 
to a strong magnetic field that is cycled between positive and negative directions. 
Parameters derived from this analysis include saturation magnetization (Ms), saturation 
remanence (Mrs), coercivity (He), and coercivity of remanence (Her) (Day et al., 1977; 
Evans and Heller, 2003). The VSM is calibrated using a synthetic yttrium garnet sphere 
with a saturation magnetization value of 76.76 x 10'3 memu. Instrumental operating 
conditions used include: applied maximum field of 1 Tesla, field increment of 5 mT, and 
the range of averaging time was between 100 to 300 milliseconds, depending on signal 
strength of sample.
Raw magnetization measurements were processed by mass normalization and 
with a high-field slope correction using the 0.7 to 1.0 T data to remove the effects of 
paramagnetic materials. The coercivity of remanence, Her, was then measured for each 
sample. Her is the point at which a saturation remanence has been demagnetized to zero 
when subjected to a stepwise increasing negative field (Evans and Heller, 2003).
Bulk particle size analyses were done on an automated Malvern MasterSizer E at 
Hamilton College, Clinton, NY. Freeze-dried samples were dispersed in a Calgon 
solution (1 spatula of Calgon to 500 ml deionized water) sonicated for approximately 30 
seconds in a Branson 200 ultrasonic cleaner and then placed in water in the machine for
18
analysis. We analyzed over a grain size range of 2-590 pm (clay to coarse sand) and 
processed data using the GRADISTAT program developed by Blott and Pye (2001).
Low-temperature magnetic susceptibility analyses were done on an AGICO 
KLY4 Kappabridge. Freeze-dried sediment samples were placed in a quartz test tube and 
cooled inside a cryostat with liquid nitrogen to -192°C (77 K). Susceptibility was 
measured during warming from -192 °C up to 25°C (298.15 K). In order to correct for the 
quartz tube and cryostat, they were measured empty, and this correction factor was then 
applied to the sample measurements. This corrected value was then normalized by the 
sample’s mass.
Selected intervals were analyzed for Curie temperatures and x-ray diffraction. 
Sediment cores were sampled at specific depth intervals where magnetic susceptibility 
shows peaks or troughs and at the horizons where the susceptibility signal drops by an 
average of 54.5% (approximately 188 cm depth for KC16 and 50 cm for KC3). For Curie 
temperature analyses, freeze-dried samples were heated from 20 - 700°C in an argon gas 
atmosphere to prevent oxidation of the sample during heating. Samples were measured 
during heating up to 700°C and during cooling back to room temperature, essentially 
creating heating and cooling curves. It is necessary to analyze both curves to determine 
magnetic mineralogy in samples and to assess whether they have been altered during the 
experiment by heating. Curie temperatures and other magnetic transitions are identified 
by abrupt changes in magnetic susceptibility at diagnostic temperatures. Because the 
specimen holder also contributes to the susceptibility signal, a correction factor was 
needed. We measured the empty furnace and subtracted this value from the sample 
measurements. This corrected value was then normalized by the mass of the samples.
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X-ray Diffraction (XRD) analyses were done on a Philips X’Pert Pro MPD 
PW3040/60 powder diffractometer. Freeze-dried samples were placed in an automated 
Analysette 3 Spartan Pulverisette O grinder with acetone to prevent powder from 
escaping. Samples were ground for 15 to 20 minutes in order to crush the particles into 
the fine silt-clay size range (until it felt like powder between the fingers). Samples were 
separated into two groups: untreated bulk samples and treated samples that were 
processed to remove organics, specifically the macroalgal detritus that was prominent in 
some samples and could generate a false graphite peak. The organic removal procedure 
was taken from Moore and Reynolds (1997), a relatively quick process that is less 
destructive for minerals. Approximately 2 grams of sediment was placed in a 50 ml 
beaker. In a separate beaker, 20 ml sodium hypochlorite (NaOCl), and Clorox Bleach 
(6% NaOCl) were mixed and the solution adjusted to pH 9.5 with hydrochloric acid 
(HC1). The Clorox bleach solution of pH 9.5 was then transferred to the 20 ml beaker 
with the sample. The sample was heated to boiling in a double boiler for approximately 
15 minutes. After cooling, the mixture of was centrifuged at 800 rpm for 5 minutes. The 
supernatant liquid was then decanted and discarded. The procedure was repeated as 
necessary until no more macroalgal detritus was observed floating in the supernatant 
liquid. The treated sample was then powdered and measured on the XRD. The warm 
alkaline solution may have dissolved some of the biogenic silica i.e. the diatoms, 
however, the duration of the procedure is likely too short to have a significant impact 
(Mortlock and Froelich, 1989).
The powder method for X-ray diffraction is widely used for the identification of 
minerals. The random orientation of the clay-sized particles allows for the incident x-ray
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beam to be diffracted by the various lattice planes of a specific mineral (Cullity and 
Stock, 2001). The x-ray beam source is rotated from a starting 20 angle of 5° to 90°, 
using a 0.02° 20 /s scanning speed. The process of analyzing a single sample took about 
an hour and eleven minutes. Settings for the x-ray diffractometer (XRD) are 45 kV for x- 
ray energy and 40 mA for the current. When first turning on the XRD, two standards 
were analyzed, a silica wafer and a muscovite sheet, to test for proper instrument 
performance.
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4. RESULTS
4.1 Core descriptions
KC3 and KC16 were described immediately after collection. KC3 was recovered 
from a sediment drift at water depth of 758 m in the Larsen Channel Trough at 63° 
08.137’ S, 55° 18.759’ W. Core length is 266 cm, with 258 cm in the main core barrel 
and an additional 8 cm contained in the cutter nose. The core contained a good water- 
sediment interface. 0 to 4.5 cm is an oxidized surface layer consisting of a moderate olive 
brown biosiliceous mud and a very small percentage of fíne sand. 4.5 to 20 cm is 
composed of a dark greenish grey silty biosiliceous mud containing some mottling from 
horizontal streaking. 20 to 60 cm contains bioturbated diatomaceous mud with varying 
colors of grayish olive to olive grey. There are clay-rich fine laminations occurring at 50- 
60 cm. 60 to 147 cm is finely laminated to discontinuously laminated diatom-rich mud 
and clay with an olive grey color. Distinctive couplets are visible within this section. Fine 
sand material is concentrated between 60 to 147 cm. 147 to 258 cm is dark green grey to 
black, bioturbated silt-rich diatom mud. Degassing occurred below 2 meters in KC3. The 
cutter nose consists of a stony, diatomaceous clay-rich mud that is dark greenish gray 
with clots of moderate olive brown mud (Figure 7) (Domack et al., USAP LMG04-04 
unpublished cruise report).
KC16 is 268 cm, with the bottom 15 cm recovered in the cutter nose. KC16 is a 
homogeneous core with no visible sedimentary structures (Figure 8). The top 5 cm 
contains very fine-grained olive brown mud. Below 5 cm the core is homogeneous, 
grayish-olive bioturbated mud. 5 to 190 cm contains very fine-grained sandy mud to silty 
clay, switching to siltier mud below 190 cm. There are distinctive horizons of macro-
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algal detritus at 15-17cm, 105 -  107cm, 125 -  130cm, and 261 -  263cm. The cutter nose 
section contains calcareous foraminifera, and no macroalgal matter (Figure 8).
4.2 Radiocarbon Dating
Radiocarbon ages were obtained on mollusk shells. Samples were dated at the 
University of Arizona Radiocarbon Laboratory. The uncorrected radiocarbon ages, 
corrected ages, calibrated ages, and analytical error are reported in Table 4. A reservoir 
correction of 1260 years is the accepted value when dating calcite on the western AP 
(Domack et al., 2001, 2003), consistent with the circum-Antarctic marine reservoir effect 
of approximately 1300 years (Berkman et al., 1998; Pudsey and Evans, 2001). For some 
locations, younger ages have been determined such as a reservoir correction of ~1100 
years in Maxwell Bay (Milliken et al., 2009). Due to the proximity of our current site, 
and since no other reservoir ages are available nearer to our research area, we use 
Milliken et al. ’s (2009) reservoir correction age of 1100 years.
Three depth-age models were tested for both cores (Figure 9). In the first model, it 
is assumed that 0 cm is zero age. A linear regression line was fit to zero age and the two 
calibrated radiocarbon dates. This equation was used to calculate the age at each 
centimeter of the core. The second model fit a linear regression through the two 
calibrated dates of each core only, and extrapolated the trend line up to 0 cm. The third 
age model also assumes that 0 cm is zero age. Two trend lines were calculated, one 
between 0 age and the first calibrated age, and a second line between the two calibrated 
radiocarbon ages. In this study we use the 2nd age model in which the ages are calculated 
from the fit of the two known dates in each core. This model is more trustworthy because
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we are not assuming that 0 cm = 0 age, as in the first model. We know from 210Pb dating 
that the top few centimeters of both cores are older than 100 years old since they do not 
contain 2,0Pb.
We determined sedimentation rates using the following formula:
Sedimentation rate = A depth/ A age
Using the calibrated yr BP radiocarbon dates for each of the cores, KC3 and KC16, we 
calculate sedimentation rates of 0.84 cm/yr and 0.1 cm/yr, respectively.
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Gravel
Description
1 P 1 c | b
(0.00m to 0.28m) 
28 cm *  370 B.P.
| \ Interval (0.00m to 0.045m)
Good sediment-water interface. Worm 
tubes in situ - inclined at 45 degrees, 
pushed to vertical with foam.
0 - 4.5cm - Surface oxidized layer, 
silty biosiliceous mud. Small amount 
of very fine sand. 5Y 4/4 moderate 
olive brown.
Good sed/H20 interface.
[~*\ Interval (0.045m to 0.20m)
4.5 - 20cm - Silty biosiliceous mud, 
diatoms. 5GY 4/1 dark greenish grey, 
with SY 2/1 olive black. Increased 
mottling from horizontal streaking.
j~"3 Interval (0.20m to 0.60m)
20-60cm - Bioturbated diatom mud, 
grayish, olive, 10Y 4/2. olive gray 5Y
3/2.
(0.28m to 1.46m) 
146 cm = S10 B.P.
| \ Interval (0.60m to 1.47m)
60 cm grad cnt 
60 - 147cm - Laminated to 
discontinuously laminated diatom 
mud/clay and dark greenish grey 5GY 
4/1.
Diatom ooze, olive grey 5Y 3/2. 
Distinctive couplets. Grad, cnt 147 
with 147 - 258cm.
| \ Interval (1.47m to 2.58m)
147 - 258cm - Bioturbated silt rich 
diatom mud. Dark greenish grey 5GY 
4/1, greenish black 5GY 2/1, 
degassing below 2 meters.
Lonestone of 1cm from Trinity 
Peninsula Croup (meta-volcanic).
|~~\ Interval (2.58m to 2.68m)
258 - 268cm - CN. Stony dark 
greenish grey clay - mud with clots 
of olive diatom mud. mod. olive 
brown 5Y 4/4.
Figure 7. Lithostratigraphic log and core description for KC 3.
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Description
| \ Interval (0.00m to 0.05m)
0-5cm mod. olive brown, water- 
saturated fine grained sandy mud 
grad, cnt w/ grayish olive 10Y 4/2.
[~\ Interval (0.05m to 1.85m)
Destructive mottles of N. black. Shell 
fragments at 128cm (gastropod), 196? 
cm.
CN as above, more silty. No algal 
components. Calcareous forams in
CN.
52cm *  690 B.P.
118cm = 1350 B.P.
P~\ Interval (1.85m to 2.74m)
Homogeneous, very fine grained 
(bioturbated) sandy mud, (diatom 
bearing) to silty clay. Distinctive 
layers,
horizons of thin stemmed macro- 
algea at 15-17cm, 105- 107cm, 125- 
130cm, 261-263cm* last one. 
Distinctive in horizontal continuity. 
Siltier below approximately 190cm, 
sandier above (?).
Figure 8. Lithostratigraphic log and core description for KC16.
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Table 4. Radiocarbon samples and ages
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Figure 9. Age models for KC3 and KC16. The age at 0 cm age is extrapolated using the 
sedimentation rate determined between the available radiocarbon dates.
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4.3 Susceptibility
KC3 and KC16 were measured for mass-normalized magnetic susceptibility (%) 
with units of m /kg. Results for both cores show patterns of regularly-spaced highs and 
lows, with a large magnitude drop (of about 54% for both) at depths of 40 and 170 cmbsf, 
respectively (Figures 10-11). x peaks in KC16 occur at intervals of 10 to 35 cm from 
peak to peak. The lowest and highest values before the large amplitude drop are ~11*10"7 
m3/kg and 21*1 O'7 m3/kg, respectively. Below the large amplitude drop, the highest value 
is approximately 14*1 O'7 m3/kg and the lowest ~6*10'7 m3/kg.
KC3 x values range from 7 to 10 * 1 O'7 m3/kg above the transition at 40 cm. x 
peaks in KC3 also occur at varying intervals ranging 11 cm to 44 cm from peak to peak. 
Below the transition, the values range from 3 to 5 * 1 O'7 m3/kg.
4.4 Geochemistry
Geochemical data for KC16, KC3 and SMG samples are given in Appendix I. 
Results are reported in ppm. During the fusion of samples there may be organics burned 
off or water released from clay minerals. Therefore, oxide totals tend to be less than 
100% in sedimentary samples. Figures 12a-d and 13a-d show the down core values for 
major and minor element abundance in KC3 and KC16, respectively. Appendix la shows 
elemental data for the Smith-Maclntyre grabs. Major and minor elemental abundances 
are separated into two general groups: those that have a direct relationship with x and 
those with an inverse relationship with x-
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Figure 10. Low-field mass-normalized magnetic susceptibility profile of KC3
30
X x 10'7/m 3 • kg'1
0 3 6 9 12 15 18 21 24
Figure 11. Low-field mass-normalized magnetic susceptibility profile of KC16.
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KC16 elements that share similar profiles are grouped together. Si, Al, Ca, K, Ba, 
Sr, and Zr vary directly with magnetic susceptibility. Ti, Fe, Mn, Mg, Na, Ni, Cr, V, Sc, 
and Y vary inversely with magnetic susceptibility. P is relatively constant down core with 
the exception of two peaks at 38 and 194 cm. The two groups are a generalization of 
broad similarities over the entire depth range of the two cores. Individual elements may 
also have correlations with single or multiple peaks and troughs of the opposite group 
(Figure 12a-d).
Figure 13a-d shows down core elemental abundances for KC3 in ppm for major 
elements and ppb for minor elements. KC3 elements that share similar profiles according 
to their (a) direct or (b) inverse relationship with the x are (a) Si, Al, Ca, K, Ba, Sr, Y, Zr, 
and (b) Ti, Fe, Mn, Mg, Na, Cr, Ni, Sc, V, respectively. P is relatively constant for the top 
140 cm and then has more defined peaks and troughs below 140 cm to the bottom of the 
core. As with KC 16, some elements may have individual peaks or troughs that deviate 
from the broad trend.
Elemental ratios Al/Ti, Fe/Ti, Si/Al, Pa/Al, Ba/Al, and Mn/Al were calculated for 
both cores and surface grabs in order to evaluate if changes in sediment source caused 
susceptibility changes. Al and Ti are used as the normalizing elements to differentiate 
between the terrigenous and biogenic fractions of the bulk sediment (Latimer et al.,
2006). Al and Ti are considered immobile elements that come only from terrigenous 
sources. However, Al and Ti can also reflect changes in particulate scavenging of these 
elements as well as provenance (Latimer et al., 2006, Latimer and Filippelli, 2001). Since 
our sediment cores are not pure diatom oozes, we assume the Al and Ti geochemical 
signal is coming from the terrigenous fraction (Latimer et al., 2006).
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Pearson correlation coefficients were determined between x, Fe, Ti, Si, Al, and Ca 
(Tables 5 and 6). The correlation coefficients were determined for three intervals: the 
entire core, the interval above the x drop and the interval below the x drop. Through this 
process we can see the strengths of the relationships between x, Fe, Ti, Si, Al, and Ca. In 
KC16 x has a strong inverse correlation with Fe (R = -0.675) for the entire core, no 
significant correlation with Ti (R = -0.086), and weak to very strong correlations with Si 
(R = 0.423), Al (R = 0.393), and Ca (R = 0.799).
KC3 correlation coefficients for the entire core length indicates that there is a 
weak inverse correlation (R = -0.431) between x and Fe. Looking at the two sections 
separately, there is a positive correlation with Fe in the section above the x drop, and a no 
significant correlation below the x drop (R = -0.030). Si overall has a weak positive 
correlation with x along the entire core length (R = 0.303), but above the susceptibility 
drop x and Si are inversely correlated (R = -0.294). Below the x drop there is a strong 
positive correlation between x and Si (R = 0.654). For the entire core length there are zero 
to weak relationships between x and Ti (R = 0.065), Al (R = 0.393), Ca (R = 0.317).
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Table 5. Pearson correlation coefficients for KC16
Correlation Coefficients for KC16- Entire Core length
X Fe Ti Si Al Ca
X
Fe -0.675 -
Ti -0.086 0.471 -
Si 0.423 -0.527 0.157 -
Al 0.583 -0.286 0.538 0.689 -
Ca 0.799 -0.519 0.181 0.539 0.689 -
Corrélation Coefficients for KC16 -  Upper Section (Above x drop)
X Fe Ti Si Al Ca
X
Fe -0.576 -
Ti -0.011 0.569 -
Si 0.338 -0.468 0.114 -
Al 0.411 -0.025 0.601 0.653 -
Ca 0.797 -0.325 0.244 0.472 0.601 -
Corrélation Coefficients for KC16 -  Lower Section (Below x drop)
X Fe Ti Si Al Ca
X
Fe -0.354 -
Ti 0.491 0.000 -
Si 0.518 -0.500 0.619 -
Al 0.613 -0.305 0.886 0.806 -
Ca 0.922 -0.599 0.886 0.581 0.653 -
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Table 6. Pearson correlation coefficients for KC3
Correlation Coefficients for KC3- Entire Core length
X Fe Ti Si Al Ca
X
Fe -0.431 -
Ti 0.065 0.530 -
Si 0.303 -0.609 0.016 -
Al 0.393 -0.023 0.684 0.578 -
Ca 0.317 -0.268 0.095 0.385 0.404 -
Correlation Coefficients for KC3- Upper Section (Above x drop)
X Fe Ti Si Al Ca
X -
Fe 0.359 -
Ti 0.499 0.520 -
Si -0.294 -0.881 -0.253 -
Al 0.360 -0.377 0.412 0.621 -
Ca 0.064 -0.703 -0.137 0.808 0.739 -
Corrélation Coefficients for KC3 -  Lower Section (Below x drop)
X Fe Ti Si Al Ca
X -
Fe -0.030 -
Ti 0.414 0.592 -
Si 0.654 -0.335 0.216 -
Al 0.469 0.294 0.823 0.578 -
Ca 0.222 0.006 0.191 0.213 0.306 -
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Figure 12a. Abundance of Si, Fe, Ti, Al, and Mn in KC16.
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Figure 12b. Abundance of Mg, Ca, Na, K, and P in KC16.
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Figure 12c. Abundance of Cr, Ba, Ni, Sc, Sr, V, Y, and Zr in KC16.
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Figure 12d. Elemental ratios Al/Ti, Mn/Al, Fe/Ti, Si/Al, Ba/AI, and P/Al in KC16.
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Figure 13a. Abundance of Si, Fe, Ti, Al, and Mn in KC3.
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Figure 13b. Abundance Mg, Ca, Na, K, and P in KC3.
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Figure 13c. Abundance of Ba, Cr, Ni, Sc, Sr, V, Y, and Zr in KC3.
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Figure 13d. Elemental ratios Si/Al, Ba/Al, Mn/Al, P/Al, Al/Ti, and Fe/Ti in KC3.
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4.5 Bulk particle size analysis
Twelve Smith-Maclntyre grabs (SMG) were collected north of Joinville Island at 
sites < 2 km offshore (Figure 5, Table 2). Surface sediment size varies from site to site. 
Sites containing greater than 50% sand are SMG-11, -10, and -14 (Figure 14). Minimum 
to maximum values for clay, silt and sand in grab samples are 7.3% to 18.7%, 24.6 to 
72.8%, and 10.7 to 68.1%, respectively. Silt is the dominant particle size throughout the 
region.
Results for KC3 are as follows: there is an average of 19.9% sand between 0 and 
32 cm, which decreases down core to 11.2% below 50 cm. We observed 3 layers with 
sand content > 20% at 170 cm, 194 cm, and 218 cm. Silt is the dominant grain size in 
KC3, ranging from 58.5% to 76.6% with a small increase down core. Clay percent 
increases slightly down core and ranges from 11% and 19.5% (Figure 15).
KC16 grain size analyses show similar results to those of KC3. Silt-sized particles 
dominate the core with high and low values of 70.2% and 41.7%, respectively. Sand 
percentages drop from an average of 35.4% from 1-164 cm to 24.0% from 170-275 cm. 
Clay-sized particles have an average of 12.3% above the susceptibility drop and increases 
slightly to 15.3% below the drop (Figure 16).
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Figure 14. Surface grabs showing grain size distribution between sites.
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Figure 15. KC3 clay, silt, and sand abundance as cumulative %.
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Figure 16. KC16 clay, silt, and sand abundance as cumulative %.
100%
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4.6 Bulk Mineralogy
Samples from KC3, KC16, and surface grab samples all exhibit varying amounts 
of macroalgal detritus, though KC16 more so than KC3. Untreated and treated samples 
from the same depths were compared to assess whether minerals were affected by the 
NaOCl and bleach treatment that was used in order to remove the organics. We find that 
x-ray diffraction results for untreated samples show the same peaks as treated samples 
(Figure 17), except for minor peaks identified by the JADE software as graphite nitrate in 
some of the untreated samples. The quartz peak at 20 of -26.67° was the most prominent 
feature in all spectra, along with smaller peaks from quartz and albite. No magnetite 
peaks were observed in any sample. A magnetic extract from surface grab SMG-16 
contains quartz and albite peaks but no magnetite peaks were confirmed. This is likely 
due to magnetite absorbing the Cu Ka x-rays from the XRD source.
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Figure 17. X-ray diffraction patterns from KC3, KC16 and SMG 11. U = untreated 
sample and T = sample treated to remove organics. There is little or no difference 
between treated and untreated samples. Each profile is offset by 100 counts for clarity.
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4.7 Magnetic Mineralogy
4.1.7 Curie Temperatures
X versus temperature curves were analyzed for a total of 14 samples (Figures 18- 
19) including one surface grab (SMG-16) and samples from susceptibility peaks and 
troughs and intervals above and below the susceptibility drop in KC3 and KC16. We 
used a two intersecting tangent line method (Gromme et al., 1969) to determine Curie 
temperatures. Due to thermal lag, the tangent lines were approximated between the 
cooling and heating curves during the drop in susceptibility and at temperatures above the 
Curie temperature where no further change in x is observed. KC16 had Curie 
temperatures varying from 580° to 601°C, with a majority having Curie temperatures 
above 585 °C. All heating curves had two features in addition to the magnetite Curie 
temperature, indicative of additional magnetic minerals. The slightly higher Curie 
temperatures point towards slightly oxidized samples (Evans and Heller, 2003). Intervals 
above the x drop (17 cm, 92 cm, 104 cm, 158 cm) exhibit heating curves with a stronger 
magnetic susceptibility signal than the cooling curves, indicative of the destruction of 
magnetic minerals during heating, such as the inversion of maghemite to hematite (Liu et 
al., 2005). Below the susceptibility drop in KC16 (218 cm and 230 cm) the cooling 
curves are stronger than the heating curves, which is indicative of the creation of a 
magnetic mineral during heating.
KC3 samples showed similar behavior to KC16 samples. Samples above the 
magnetic susceptibility drop, 8 cm and 12 cm, have heating curves that are stronger than 
the cooling curves. This relationship is reversed for samples below 40 cm. Curie 
temperatures for KC3 samples fall within the range of 590° - 600°C. A magnetic extract
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from SMG-16 contains a magnetite Curie temperature at 580°C and a cooling curve that 
is five times stronger than the heating curve.
4.2.7 Low Temperature Magnetic Susceptibility
Twelve intervals were chosen from each core for low-temperature magnetic 
susceptibility. Intervals were chosen from susceptibility peaks and troughs, and intervals 
above and below the magnetic susceptibility signal drop. Most of the samples are from 
the same depths that were measured for Curie temperatures. Samples analyzed from KC3 
and KC16 exhibit a magnetic order/disorder transition at —117 K (-156 °C), which is 
interpreted as the magnetite Verwey transition (Figures 20a-b, 21a-b) (Evans and Heller, 
2003). Due to the weaker signal strength of KC3, these samples show a less prominent 
Verwey transition. The Verwey transition is suppressed within the interval where 
susceptibility drops, and then becomes more prominent below the susceptibility drop.
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Figure 18. Thermomagnetic curves for KC3. 8cm, 12cm, and 40cm are above the % drop, 
52cm, 190cm, and 266cm are below the % drop.
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Figure 19. Thermomagnetic curves for KC16. Surface (SMG) sample, samples above the 
Xdrop (17, 92, 104, 158cm), and samples below (188, 218, 230cm).
53
K C 16 -  1cm
97 117 137 157 177 197 217 237 257 277
K C16-  16cm
13.90 j £
b> 13.50 %
• 13.10 j £
n
E 12.70 j f
12.30 \ à
©
T -
y
11.90
* 77 97 117
19.00
 137 157 177 197 217 237 257 277
Temperature K Temperature K
Figure 20a. Low temperature magnetic susceptibility data for KC16 showing Verwey 
transition at ~117 K (-156 °C).
54
O)JC
«
8.80 KC16- 188 CM
KC16-218cm
Temperature K Temperature K
Figure 20b. Low temperature magnetic susceptibility data for KC16 showing Verwey 
transition at ~117 K (-156 °C).
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Figure 21a. Low temperature magnetic susceptibility data for KC3 showing Verwey 
transition at ~117 K (-156 °C).
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Figure 21b. Low temperature magnetic susceptibility data for KC3 showing Verwey 
transition at ~117 K (-156 °C).
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4.3.7 Hysteresis
Hysteresis parameters for surface grab samples cluster within the pseudo-single 
domain (PSD) region of the “Day Plot” (Day et al., 1977; Figures 22-23). The surface 
samples plot slightly higher and to the left on the Day Plot compared to KC3 and KC16. 
KC16 Mr/Ms values are 0.07- 0.11, and Hcr/Hc values are between 3.5- 5.3. KC16 data 
form two general clusters, with one cluster of points encompassing 0 -1 7 0  cm (above the 
susceptibility drop) and the second group encompassing 188-268cm (below the 
susceptibility drop), though there is some overlap between the clusters. Samples in cluster 
1 progressively move from the upper-left to the lower-right comer of the Day Plot in the 
PSD region, indicating coarsening with depth. In group 2, samples move from the lower- 
right comer towards the upper-left comer moving from the PSD to the MD and SP 
region, indicating fining with depth.
KC3 Mrs/Ms values are between 0.014-0.07 and Hcr/Hc values are between 3.3-5.7. 
KC3 data form 2 clusters, one above and one below the susceptibility drop. Samples from 
above the susceptibility drop cluster together move from the upper-left towards the 
lower-right comer of the PSD region with increasing depth. The intervals within the 
susceptibility drop and the interval below the susceptibility drop cluster together. These 
samples have no trend with depth in the core, although they group at the lower right 
comer of the PSD region. There is a slight separation between those points at the drop 
versus below the drop, but not as distinct as in seen in KC16.
High-field susceptibility ( x h f )  profiles of KC3 and KC16 (Figures 24-25) show 
how much the paramagnetic signal is contributing (positively or negatively) to the low- 
field magnetic susceptibility (Brachfeld, 2006). For KC3, the paramagnetic signal has a
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more defined cyclical pattern, one that is, for the most part, in a direct relationship with 
the low-field mass-normalized magnetic susceptibility. KC16 shows a paramagnetic 
signal inversely proportional to the low-field susceptibility signal.
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Figure 22. Magnetic hysteresis parameters for KC3, KC316 and surface grab samples. 
The ratios saturation remanence (Mr) normalized by saturation magnetization (Ms) versus 
coercivity of remanence (Hcr) normalized by coercivity (Hc) plotted on a “Day Plot” (Day 
et al., 1977). Data points for each core are separated into groups above and below the 
susceptibility drop (as indicated by color differences). The surface samples plot in the 
PSD region of the Day Plot, slightly higher and to the left of the core data. We observe an 
increase in magnetic grain size down core for both cores.
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Figure 24. KC3 high-field magnetic susceptibility.
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Figure 25. KC16 high-field magnetic susceptibility.
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5. DISCUSSION
This project was initiated to study the relationships between Holocene climate on 
the WAP and EAP and investigate whether the causes of a regional magnetic 
susceptibility signal found on the WAP (Figure 29) were also occurring on the EAP. The 
base of KC3 has a calibrated age of < 700 yr BP (Figure 30), much shorter than the 8000 
to 10,000 year records recovered from the WAP (Leventer et al., 1996; Domack et al., 
2003). The onset for the susceptibility drop for KC3 is -390 yr BP. Therefore, the 
susceptibility drop in KC3 cannot be the same feature as that observed in the WAP cores, 
in which the susceptibility drop marks the start of the Neoglacial period at approximately 
3500 yr BP (Domack et al., 2001, 2003). KC16 spans < 3000 years cal BP and the onset 
of the x drop for KC16 occurs at -2050 years (188 cm depth) (Figure 31), which is 1000- 
1500 younger than the susceptibility drops observed on the WAP.
To understand the environmental processes influencing the susceptibility signal it 
is necessary to understand the physical controls on this parameter. Magnetic 
susceptibility is controlled by three main factors: magnetic mineralogy, magnetic grain 
size, and the abundance of magnetic minerals. Magnetic mineral analyses for KC16 and 
KC3 yield positive results for the presence of magnetite. Low-temperature analyses on 
samples from KC3 and KC16 all exhibit the magnetite Verwey order/disorder transition 
at -117 K (-156 °C). Subtler humps for KC3 indicate the x signal for that core is being 
suppressed, one indication of oxidized magnetite (Dunlop and Özdemir, 1997). Curie 
temperature data for both cores range between 580-607°C, most occurring around 
~600°C. Subtle double humps at ~595°C to 625°C in the heating and cooling curves 
indicate the presence of oxidized magnetite and possibly hematite. Heating curves that
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are higher than the cooling curves for some samples suggests the presence of maghemite, 
which then inverts to hematite during the experiment. Maghemite is an oxidized form of 
magnetite, in which the Fe2+ has been oxidized to Fe3+ (Dunlop and Ozdemir, 1997; 
Evans and Heller, 2003). Maghemite has a predicted Tc of ~645°C and a weaker 
susceptibility signal compared to magnetite. Both cores may contain a mixture of 
magnetite and slightly oxidized magnetite to produce the higher Curie temperature 
values. KC3 may contain smaller amounts of magnetite due to the much smaller % signal 
as well as the suppressed Verwey order/disorder transition.
Magnetic hysteresis analyses of core and surface samples were plotted on a Day 
Plot. The Day plot (1977) is used to determined magnetic grain sizes by using the ratios 
of Mrs/Ms (remanence ratio) vs. Hr/Hcr (coercivity ratio). Mrs and Ms are both dependent 
on mineral type and concentration. Mrs is additionally dependent on grain size. When Mrs 
is normalized by Ms, the ratio becomes a grain size parameter. The Day Plot has three 
regions: SD (Single-Domain), PSD (Pseudo-Single Domain), and MD (Multi-Domain). 
There is also an SP (superparamagnetic) region that can be found to the right of the MD 
region. Size ranges for the mineral magnetite have been empirically determined as 
follows: SD (30nm -1 pm), PSD (1-10 pm), and MD (>10 pm) (Day et al., 1977).
Plotting the data shows that the susceptibility peaks and troughs of both cores, as well as 
the SMG samples, plot along a curved path that falls mainly within the PSD and also 
within the MD and SP regions (Figures 22, 23).
Both cores show magnetic mineral grains increasing in size down core. Increasing 
grain size down core can be attributed to the dissolution of fine-grained magnetite in the 
sediment cores, which leaves a coarser residual assemblage, changes in sediment source,
65
higher ice or rafted debris content down core. There appears to be a curving upwards 
trend in the KC3 Day Plot. According to Rowan et al. (2009) this curvature is consistent 
with, but not diagnostic of greigite formation. Data collected in this study did not identify 
the presence of greigite in either core.
Diatom abundance for KC16 was determined at Colgate University by Dr. Amy 
Leventer and James Maritz. Results show that susceptibility is inversely correlated with 
total diatom abundance (Figure 26). This indicates that the unexpected positive 
correlation between susceptibility and Si abundance is not driven by biogenic silica. The 
total diatom abundance at the KC 16 site is significantly less than what is found in the 
WAP (Leventer et al., 2002). Elemental ratios associated with biological productivity 
including Si/Al and P/Al ratios are relatively constant in both cores. As a group, these 
parameters indicate that diatom flux does not play a major role in forcing the 
susceptibility signal for KC16, unlike the cores from the WAP (Leventer et al., 1996; 
Brachfeld et al., 2002). Pearson correlation coefficients indicate a strong positive 
correlation between x and Ca abundance. The observations reported here, along with 
findings from Darley et al., 2010 support the idea that paramagnetic minerals exert a 
strong control on magnetic susceptibility, possibly via magnetic inclusions within 
silicates.
A study done by Maritz (2004) shows a positive correlation between benthic 
diatom abundance and susceptibility peaks in KC16. Benthic diatoms, macroalgal 
material and terrigenous material may be brought to the bottom of the KC 16 basin 
through the process of wind-induced resuspension of shallow water material. The 
terrigenous material supplied with the macroalgal matter and benthic diatoms increases
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the x signal. The mechanism (strong wind speed) can chum shallow waters causing 
sediment resuspension. Turbidity currents are another means of transporting sediment, 
benthic diatoms, as well as macroalgal (kelp) material.
We infer that the macro algal detritus found in core KC16 and KC3 comes from 
the surrounding islands. Information regarding species of kelp can be found in Fairhead 
et al., 2005, Reichardt, 1987, Weincke, 1996 and references therein. Another kasten core, 
LMG04-04 KC11, was recovered from the southern end of the Joinville-d’Urville 
Trough, at the opening of the Larsen channel. KC11 was a very short core (33 cm) 
recovered in water depth of 528 m. The area from which KC11 was recovered was 
described as being dominated by sandy mud and macroalgal mats (Domack, 2004). We 
assume that most macroalgal detritus reaching our study area on the eastern side of the 
Larsen Channel may be coming from the western side of the Larsen channel, and most 
likely originates from the surrounding islands, including Joinville and d’Urville islands. 
Measurements of current velocities and directions could help determine if this is indeed 
occurring.
XRD analyses were done for one sample above and below the x drop for KC3 and 
KC16. Samples were analyzed to determine what minerals may be shaping the 
susceptibility profiles and to assess evidence of provenance change. Samples all show a 
dominant quartz peak (20 -26.6°) along with albite (20 ~27.9°). There was no substantial 
difference in mineral assemblages above and below the susceptibility drop in either core. 
Similarly, elemental ratios show no significant change in sediment provenance. Al/Ti 
values in both cores are between 15-18, consistent with average continental crust ratios 
(Taylor and McLennan, 1985).
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Figure 14 shows the spatial distribution of surface sediment grain size in our 
study area. There are sites closer to the islands (< 2 km) that have less silt-sized particles 
relative to sites > 2 km from shore. We see no patterns emerging in the grab samples 
except for possibly strong channel currents winnowing smaller particles and bringing in 
larger grain sizes and detrital kelp to site SMG-10, and possibly to sites 13-16. The 
large sand % of SMG-14 site could be attributed to IRD because of its proximity to other 
surrounding sites that do not contain such high percentages of sand.
The down core percentage of sand directly correlates with magnetic susceptibility 
in both KC3 and KC16. Both cores have higher % sand above the susceptibility drop, and 
less below. Clay and silt abundance have no consistent relationship with magnetic 
susceptibility (Figures 27-28). KC3 has three large sand peaks below the susceptibility 
drop at the depths of 170 cm, 194 cm, and 218 cm. The x profile shows an increase at 194 
and 218 cm, but not at 170 cm. These features may have been caused by currents 
winnowing smaller particles, turbidites, or IRD deposition. Core descriptions for KC3 
(Figure 7) have no mention of turbidites. The sand-rich intervals are described as 
bioturbated silt-rich mud. The xhf profile for KC3 (Figure 24) shows decreased values for 
194 and 218 cm, which may indicate that the sand peaks are due to sand-sized diatoms 
(A. Leventer, personal communication).
We hypothesize three ideas as to shape of the KC3 and KC16 susceptibility 
profiles and the young ages of the susceptibility drops: 1) the susceptibility drop results 
from diagenesis; 2) the reservoir age of 1100 years is not appropriate for KC3 and KC16; 
3) the corrected ages are accurate for this specific region and the susceptibility drops in 
KC3 and KC16 represent events local to the northernmost AP.
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Diagenesis is clearly taking place in both cores, as evidenced by the coarsening of 
the magnetic mineral assemblage down core, and is the strongest control on the 
susceptibility profiles. We see no evidence of a provenance change across this horizon. 
The use of 1100 years as the reservoir age may not be appropriate for KC3 and KC16. A 
sediment core collected in the Firth of Tay on the southern side of Joinville Island 
suggests that a reservoir age of 1300 years is appropriate for the northern AP 
(Michalchuk et al., 2009). However, a 200-year difference in reservoir age is not 
sufficient to explain for the 1000-1500 year difference observed in the timing of the 
magnetic susceptibility drops on the WAP and in KC16.
The onset for the susceptibility drop for KC3 is -390 yr BP. Nearby, the Larsen-A 
ice shelf readvanced at 400 yr BP (Brachfeld et al., 2003). These events may represent 
the onset of the Little Ice Age (LIA). The LIA, as defined in the northern hemisphere, 
occurred between 1300 -  1800 AD (1100 -  150 yr BP) and was a time of cooler 
temperatures and increased sea ice coverage (Lamb, 1965; Broecker 2001; Domack et al., 
2003; Verleyen et al., 2011). The LIA was preceded by the Medieval Warm Period 
(MWP), a period in which the northern hemisphere experienced warmer temperatures, 
less pack ice, retreat of glaciers, and increased rainfall (Lamb, 1965). The presence and 
timing of the LIA and MWP in southern hemisphere paleorecords has been ambiguous. 
This study suggests that there is an LIA signal on the northernmost AP, with the onset 
occurring at -  400 yr BP.
The onset of the x drop for KC16 occurs at -2050 years (188 cm depth) (Figure 
30). KC16 contains x peak-to-peak cycles of 40 -  320 yr with the majority of cycles 
ranging 150-300 years, which resembles century-scale cycles observed in the Palmer
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Deep, (1993; Leventer et al., 1996). KC16 appears to show a WAP-like pattern of 
century-scale sedimentation cycles. It is possible that Neoglacial conditions were 
established earlier on the WAP at the latitude of the Palmer Deep and Andvord Bay, and 
established later on the northernmost tip of the AP.
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Figure 26. Total Diatom abundance of KCl 6
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Figure 29. Magnetic susceptibility records from the WAP (modified from Domack et 
al., 2003).
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6. CONCLUSIONS
Two sediment cores were collected within a region between the Joinville and 
d’Urville islands. KC3 and KC16 were recovered for the purpose of studying the 
formation of sediment drifts on the Antarctic shelf (Domack, 2004) and the climate 
history of the AP. KC3 was recovered from a sediment drift off the coast of Joinville 
Island. KC16 was recovered from a small basin west of the drift. KC16 and KC3, 
recovered approximately the last 3000 and 700 yr BP, respectively. Both cores show 
magnetic susceptibility profiles that are similar to cores from the Palmer Deep and fjords 
on the WAP, including an abrupt drop in the strength of low-field mass-normalized 
magnetic susceptibility midway down the cores. Magnetic susceptibility in cores from the 
WAP is controlled by biological productivity and dilution of terrigenous sediment with 
biogenic silica, magnetic grain size, and magnetic mineralogy (Brachfeld et al., 2002).
Thermomagnetic curves and low-temperature susceptibility measurements in KC3 
and KC16 show no change in magnetic mineralogy down core. Geochemical and XRD 
results indicate no change in sediment provenance down core. Our results show that 
diagenesis exerts the main control on the susceptibility profiles, and diatom abundance is 
less important in KC3 and KC16 than in WAP cores. We did observe an unexpected 
inverse relationship between susceptibility and Fe, and a positive correlation between 
susceptibility, Si and Ca abundance. A study done by Darley et al. (2010) hints that for 
KC16, coarse silt-sized silicate minerals such as plagioclase may contain magnetic 
inclusions (between super paramagnetic and single domain size) that are driving the x 
signal and geochemical signals.
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The ages of the susceptibility drops in KC3 and KC16 are 390 yr BP and 2050 yr 
BP, respectively using the current age model. In KC3 we interpret the susceptibility drop 
as the transition from the MWP into the LIA. Enhanced biological productivity during the 
MWP may have supplied organic carbon that led to diagenesis and the dissolution of 
magnetite. In KC16 the susceptibility drop is also related to diagenesis. We interpret this 
feature as the transition from the mid-Holocene climatic optimum to the Neoglacial 
period. Cold temperatures and glacier advances may have occurred ealier at the latitude 
of the Palmer Deep and Andvord Bay, and later at the northernmost tip of the Antarctic 
Peninsula. The transition dates reported here are preliminary, and may require revision as 
further study resolves the question of the appropriate reservoir correction to apply to 
these sites.
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APPENDIX I-a
Major element abundances in ppm for LMG04-04 Smith-Maclntyre grab samples
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APPENDIX I-b
Minor element abundances in ppm for LMG04-04 Smith-Maclntyre grab samples
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APPENDIX I-c
Elemental ratios for LMG04-04 Smith-Maclntyre grab samples
<
"c
5
CD
<
CL
<
Cn
LL
_0>
CL
E
CO
</)
CO 00 r^ m- CD T— CM T _ Is- r-
CD CO LO CO co r- 00 CD CD 00 co CDO o O o o o o o O o o OO o O q q o o o O o o O
O o O o d d o d d o d d
CO o CO 00 co CD 00 O) CD co CD
CD Is- CD CD CD co m- cn CD m- CD coO o O o o o o o O o o oo o O o o o o o O o o o
o o O o o d d o o d d d
h- o CD 00 co m- CO LO 00 CM CMIs- CM CM CD CD x— x— CM CM CM CM
CM x— T- X— X— "i— X— T— T- X— V“ X—O o O o o o o o o o o o
O o O o o o o d d o d o
"'t m- o 00 CO co o co 00 CD00 CD CO cq CD in CM 00 co oq ■’T-
Tf CO cb XT ob M-
CM CD o CO CD CM CD 00 CD CD00 CO q x- 00 co o Is- T~ x— CMoX— Is-’ 00 CO 00 CD 00 CD r-i 00 00 00
X— CM o T_ CD CO M- Is- Is- 00 Is-
q cm CM q 00 Is- cq CD q q c\i
CD Is- Is- Is-' cb CD cb CD cb Is- Is-
T— v~ T— T— T— T— x— T_ X— X— X—
co m  to n
6 6 6 6
CD CM CO 'sf CO CD“ T—I I
CO CO C/D CO C / ) ( / ) c / ) C / ) C / ) C / ) C / ) C O
o  o  o  o  
m- ^  ■^r o  o  o  o  
0 O 0 0
5o
m-o
m-o
m-o
m- m- o  o  r^o  o
m-o
o
¡3 0  0  0  0
M’ m~ ^  o  o  o  
m- m- m- o  o  o
0 0 0
87
APPENDIX II-a
Major element abundances in ppm for LMG04-04 KC3
Core
Depth
(cm)
Si Al Ca K Fe Ti Mn M g Na P
KC 3 0 2 6 6 0 3 4 6 1 2 1 7 9934 16134 3 3 022 3 789 358 13568 3 8 088 1098
KC 3 2 2 8 3 8 9 6 6 5 3 4 0 10981 17969 32477 3952 359 11942 2 9 1 0 0 1018
KC 3 4 3 1 0 6 1 4 6 7 3 8 8 12289 19014 2 8 918 3932 356 10835 2 7 8 6 2 7 22
KC 3 6 2 9 7 7 7 6 6 5 4 1 8 11676 18318 2 8 669 3872 342 10859 2 8 2 4 6 661
KC 3 8 2 9 9 1 5 5 6 6 0 0 4 10872 18418 2 8 9 6 7 3908 332 11037 2 8 4 3 7 6 8 9
KC 3 10 2 9 6 7 1 4 65711 10894 18462 30439 4 0 3 3 349 11395 2 7 8 6 6 7 09
KC 3 12 2 9 2 8 8 5 6 4 3 6 0 10784 18065 2 9 8 6 8 387 0 337 11570 2 9 324 6 7 5
KC 3 14 285110 6 3 434 10222 17003 31112 3937 336 11744 2 8 9 6 8 6 50
KC 3 16 2 8 8 5 3 8 6 2 8 8 4 10339 17143 32651 389 0 335 11730 3 0 5 3 5 6 98
KC 3 18 2 9 6 1 2 3 6 5 1 6 9 10913 17952 3 0 720 4 1 5 8 351 11134 2 7 3 3 0 705
KC 3 20 2 9 9 1 6 6 64221 10866 17924 2 9 0 0 0 377 3 334 11163 29611 701
KC 3 22 3 0 8 4 3 9 6 3 9 8 5 11263 18127 2 7 687 368 5 326 10246 2 9 3 2 0 6 93
KC 3 24 3 0 9 0 1 4 6 4 2 5 7 11461 18278 2 7 2 7 3 363 9 331 10231 2 7 3 1 7 64 4
KC 3 26 3 0 7 7 0 7 64001 11380 18418 2 6 704 3694 325 10356 2 8 7 7 4 65 2
KC 3 32 3 0 3 0 1 7 6 5 184 11457 17975 28471 388 5 342 10700 2 7 0 4 8 681
KC 3 38 2 9 8 7 6 7 6 4 9 7 8 10691 18111 2 9 707 3900 341 11329 2 8 3 0 2 67 4
KC 3 42 3 0 1 8 4 2 65691 10687 18096 2 9 7 8 8 389 9 325 10751 2 7 2 1 5 68 2
KC 3 44 297061 6 3 8 8 8 9981 17721 3 1 068 3904 333 11604 2 9 2 8 8 703
KC 3 46 2 9 1 2 4 3 6 4 5 2 9 9923 17434 32117 3918 338 12073 2 9 4 2 9 674
KC 3 50 2 8 5 2 2 2 6 3 3 0 0 9937 17604 3 3 559 3938 372 13148 2 9 3 5 9 6 87
KC 3 56 2 9 6 4 5 2 6 5 2 2 9 10390 18256 32229 4 0 4 7 346 11779 2 8 0 1 8 6 73
KC 3 62 2 8 8 6 9 7 6 3 1 0 9 10410 17465 3 3 672 3942 362 12530 2 9 9 5 6 6 98
KC 3 68 2 7 4 2 3 5 6 0 0 9 9 10622 16318 3 4 328 3804 345 12796 36661 6 83
KC  3 74 2 8 7 0 3 2 6 4 3 9 6 10043 17938 3 2 635 3992 357 12676 2 8 9 6 5 717
KC 3 80 2 8 1 6 7 0 6 2 2 5 7 10433 17572 32474 3 875 364 12711 33411 691
KC 3 86 2 8 7 2 1 6 6 4 8 8 2 10575 17264 32674 3 929 357 12568 3 0 272 732
KC 3 92 2 9 2 7 9 0 59638 9361 16073 28941 3 713 324 12007 30471 6 62
KC 3 98 2 8 6 4 8 0 64221 10235 17157 3 2 888 4111 361 12616 2 9 3 0 5 6 90
KC 3 104 2 8 0 2 5 7 6 4 6 6 4 9668 17393 3 3 667 4117 348 12527 2 8 942 664
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Core
Depth
(cm)
Si Al Ca K Fe Ti Mn M g Na P
KC 3 110 2 8 7 2 8 5 6 3 890 10116 17132 3 0 399 3975 322 12202 2 9 6 6 7 6 76
KC 3 116 2 8 2 9 2 2 6 1 012 9582 16277 3 0 500 3829 321 11989 3 3 5 0 8 651
KC 3 122 2 9 1 9 6 9 6 2 577 9831 17258 3 1 009 3795 345 12008 2 8 8 1 8 657
KC 3 128 2 8 5 0 7 7 6 2 478 12371 16684 32941 3858 335 12962 31951 661
KC 3 134 2 9 0 7 2 6 6 3 5 4 8 9882 16653 32738 3842 347 12648 32661 709
KC 3 140 2 7 6 0 9 9 5 7 855 9902 14733 2 9 675 3519 334 13063 3 9 1 8 3 672
KC 3 146 2 9 1 5 5 3 6 3 132 9831 17067 30775 3810 342 12032 2 7 7 7 2 778
KC 3 152 294811 6 3 7 5 9 9284 17042 33111 402 4 344 12267 2 7 3 2 7 681
KC 3 158 2 8 3 7 3 9 62701 10645 17196 3 1 808 3783 352 12249 2 9 8 1 3 697
KC 3 164 2 9 1 9 6 8 6 1 0 4 9 9878 16813 2 8 982 3599 315 11565 3 1 2 9 7 694
KC 3 170 2 9 2 6 7 5 6 3 386 9559 17681 30917 3801 336 12283 3 1 9 9 4 671
KC 3 176 2 9 1 0 4 6 65261 9809 17902 32193 3973 353 12565 2 9 9 4 6 701
KC 3 182 284531 6 2 9 1 5 11003 16564 32013 3919 355 12844 3 1 6 2 2 736
KC 3 188 2 9 9 7 6 5 6 6 0 4 9 10793 17754 3 1 467 3928 360 12168 2 8 3 3 3 682
KC 3 194 3071 3 6 6 5 5 3 5 10282 18637 2 8 950 3890 340 11245 2 7 8 7 5 640
KC 3 200 2 9 6 3 4 7 6 2 4 3 3 9872 17260 3 0 852 3804 340 12233 3 2 1 7 9 828
KC 3 206 2 9 6 1 5 2 6 7 679 10398 18482 3 3 970 4116 382 12971 2 8 8 9 0 727
KC 3 212 2 9 8 3 1 7 6 5 7 5 0 10144 18280 32359 4 0 3 9 361 12163 2 9 2 2 9 691
KC 3 218 311076 66491 11998 18970 31370 3978 345 10872 2 7 8 5 2 682
KC 3 224 2 9 6 8 5 0 59689 10600 16492 31166 3665 330 11386 3 1 3 0 9 635
KC 3 2 30 2 9 3 9 2 7 6 6 150 10622 18119 33851 4115 379 12722 2 8 6 4 4 708
KC 3 2 36 291521 6 4 6 2 5 12100 17816 32293 3945 361 12569 2 9 9 4 2 706
KC 3 2 42 2 9 8 1 6 7 6 6 283 14880 18247 3 0 298 4017 360 11859 28311 762
KC 3 248 2 9 6 6 5 6 64854 10197 18157 32438 3898 350 12100 29611 704
KC 3 256 289118 6 2 5 1 5 10086 17476 3 1 648 3872 346 12454 3 0 5 8 6 696
KC 3 266 2 9 3 2 3 3 6 2 966 10967 17647 30842 3842 355 12535 3 2 3 6 5 666
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APPENDIX Il-b
Minor element abundances in ppm for LMG04-04 KC3
Core Depth(cm) Ba Sr Y Zr Cr Ni Sc V
KC3 0 383 182 22 344 47 28 14 93
KC3 2 429 203 23 298 51 21 12 90
KC3 4 465 218 25 296 48 6 12 90
KC3 6 437 211 26 272 42 4 12 90
KC3 8 451 210 24 248 48 8 12 88
KC3 10 421 201 24 262 51 25 13 95
KC3 12 411 200 22 206 46 31 12 88
KC3 14 413 187 24 166 46 12 14 88
KC3 16 412 189 21 172 46 22 13 90
KC3 18 436 200 28 215 47 17 12 91
KC3 20 449 209 23 203 51 51 14 85
KC3 22 445 213 22 207 46 20 11 80
KC3 24 453 216 24 218 46 23 11 83
KC3 26 454 214 25 199 47 46 13 81
KC3 32 468 215 23 202 48 15 12 94
KC3 38 433 203 23 205 47 34 12 93
KC3 42 471 210 25 205 52 10 12 106
KC3 44 421 192 23 182 41 14 12 112
KC3 46 408 187 23 165 49 11 15 101
KC3 50 384 174 22 154 45 3 13 104
KC3 56 423 188 23 163 49 3 13 102
KC3 62 392 177 23 149 64 75 13 96
KC3 68 376 180 22 149 47 18 12 96
KC3 74 409 184 24 183 50 27 13 105
KC3 80 405 181 22 151 45 7 13 99
KC3 86 429 198 23 175 54 14 15 96
KC3 92 406 179 23 154 44 6 12 88
KC3 98 406 185 25 155 53 15 15 97
KC3 104 404 182 23 150 52 21 13 98
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Core Depth(cm) Ba Sr Y Zr Cr Ni Sc V
KC3 110 418 193 23 153 49 19 13 107
KC3 116 405 188 22 162 52 28 12 95
KC3 122 409 186 22 156 48 21 12 85
KC3 128 398 178 22 142 51 24 15 90
KC3 134 412 187 23 149 47 37 13 90
KC3 140 370 180 21 125 47 29 14 84
KC3 146 418 186 22 141 67 138 13 106
KC3 152 401 175 22 158 50 33 13 96
KC3 158 399 190 24 145 50 37 15 97
KC3 164 414 194 22 159 47 37 11 86
KC3 170 422 188 23 155 50 39 12 94
KC3 176 425 189 23 165 51 29 15 95
KC3 182 401 193 22 143 51 53 12 87
KC3 188 429 196 22 170 51 20 13 84
KC3 194 454 199 22 170 45 20 12 83
KC3 200 410 187 22 167 51 103 12 89
KC3 206 429 190 24 173 75 97 15 96
KC3 212 438 188 23 181 62 25 13 93
KC3 218 469 214 25 211 50 16 11 84
KC3 224 392 184 21 153 49 10 11 82
KC3 230 415 186 24 161 53 17 13 109
KC3 236 411 194 23 152 48 12 13 88
KC3 242 438 225 23 172 50 12 12 88
KC3 248 422 191 21 145 49 28 15 88
KC3 256 386 178 21 140 53 22 12 87
KC3 266 390 189 21 155 46 190 12 85
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APPENDIX II-c
Element ratios for LMG04-04 KC3
Core Depth(cm) Al/Ti Fe/Ti Si/Al P/Al Ba/Al Mn/AI
KC 3 0 16.2 8.7 4.3 0.0179 0.0063 0.0058
KC 3 2 16.5 8.2 4.3 0.0156 0.0066 0.0055
KC 3 4 17.1 7.4 4.6 0.0107 0.0069 0.0053
KC 3 6 16.9 7.4 4.6 0.0101 0.0067 0.0052
KC 3 8 16.9 7.4 4.5 0.0104 0.0068 0.0050
KC 3 10 16.3 7.5 4.5 0.0108 0.0064 0.0053
KC 3 12 16.6 7.7 4.6 0.0105 0.0064 0.0052
KC 3 14 16.1 7.9 4.5 0.0102 0.0065 0.0053
KC 3 16 16.2 8.4 4.6 0.0111 0.0065 0.0053
KC 3 18 15.7 7.4 4.5 0.0108 0.0067 0.0054
KC 3 20 17.0 7.7 4.7 0.0109 0.0070 0.0052
KC 3 22 17.4 7.5 4.8 0.0108 0.0070 0.0051
KC 3 24 17.7 7.5 4.8 0.0100 0.0071 0.0051
KC 3 26 17.3 7.2 4.8 0.0102 0.0071 0.0051
KC 3 32 16.8 7.3 4.6 0.0104 0.0072 0.0052
KC 3 38 16.7 7.6 4.6 0.0104 0.0067 0.0052
KC 3 42 16.8 7.6 4.6 0.0104 0.0072 0.0049
KC 3 44 16.4 8.0 4.6 0.0110 0.0066 0.0052
KC 3 46 16.5 8.2 4.5 0.0105 0.0063 0.0052
KC 3 50 16.1 8.5 4.5 0.0109 0.0061 0.0059
KC 3 56 16.1 8.0 4.5 0.0103 0.0065 0.0053
KC 3 62 16.0 8.5 4.6 0.0111 0.0062 0.0057
KC 3 68 15.8 9.0 4.6 0.0114 0.0063 0.0057
KC 3 74 16.1 8.2 4.5 0.0111 0.0064 0.0056
KC 3 80 16.1 8.4 4.5 0.0111 0.0065 0.0058
KC 3 86 16.5 8.3 4.4 0.0113 0.0066 0.0055
KC 3 92 16.1 7.8 4.9 0.0111 0.0068 0.0054
KC 3 98 15.6 8.0 4.5 0.0107 0.0063 0.0056
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Core Depth(cm) Al/Ti Fe/Ti Si/AI P/AI Ba/A! Mn/AI
KC 3 104 15.7 8.2 4.3 0.0103 0.0063 0.0054
KC 3 110 16.1 7.6 4.5 0.0106 0.0065 0.0050
KC 3 116 15.9 8.0 4.6 0.0107 0.0066 0.0053
KC 3 122 16.5 8.2 4.7 0.0105 0.0065 0.0055
KC 3 128 16.2 8.5 4.6 0.0106 0.0064 0.0054
KC 3 134 16.5 8.5 4.6 0.0112 0.0065 0.0055
KC 3 140 16.4 8.4 4.8 0.0116 0.0064 0.0058
KC 3 146 16.6 8.1 4.6 0.0123 0.0066 0.0054
KC 3 152 15.8 8.2 4.6 0.0107 0.0063 0.0054
KC 3 158 16.6 8.4 4.5 0.0111 0.0064 0.0056
KC 3 164 17.0 8.1 4.8 0.0114 0.0068 0.0052
KC 3 170 16.7 8.1 4.6 0.0106 0.0067 0.0053
KC 3 176 16.4 8.1 4.5 0.0107 0.0065 0.0054
KC 3 182 16.1 8.2 4.5 0.0117 0.0064 0.0056
KC 3 188 16.8 8.0 4.5 0.0103 0.0065 0.0054
KC 3 194 16.8 7.4 4.7 0.0098 0.0069 0.0052
KC 3 200 16.4 8.1 4.7 0.0133 0.0066 0.0054
KC 3 206 16.4 8.3 4.4 0.0107 0.0063 0.0056
KC 3 212 16.3 8.0 4.5 0.0105 0.0067 0.0055
KC 3 218 16.7 7.9 4.7 0.0103 0.0071 0.0052
KC 3 224 16.3 8.5 5.0 0.0106 0.0066 0.0055
KC 3 230 16.1 8.2 4.4 0.0107 0.0063 0.0057
KC 3 236 16.4 8.2 4.5 0.0109 0.0064 0.0056
KC 3 242 16.5 7.5 4.5 0.0115 0.0066 0.0054
KC 3 248 16.6 8.3 4.6 0.0108 0.0065 0.0054
KC 3 256 16.1 8.2 4.6 0.0111 0.0062 0.0055
KC 3 266 16.4 8.0 4.7 0.0106 0.0062 0.0056
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APPENDIX III-a
Major element abundances in ppm for LMG04-04 KC16
Core
Depth
(cm)
Si Ti Al Fe Mn Mg Ca Na K P
KC 16 0 285460 3750 64934 31801 405 12863 13110 34566 16025 912
KC 16 2 301963 3891 68375 30600 413 11743 13944 29146 17204 730
KC 16 4 310004 3828 68326 28309 400 10783 14006 28379 17455 679
KC 16 6 306257 3962 67995 29431 402 11267 13745 28926 17570 688
KC 16 8 308339 3891 67310 29220 393 11212 13672 29708 17363 686
KC 16 10 311921 3874 67192 29436 393 10832 13646 28165 17803 690
KC 16 12 304916 3664 66216 28560 378 10931 14233 28615 17053 669
KC 16 14 299301 3906 67810 31085 396 11832 13845 28534 17029 674
KC 16 16 278430 3873 65634 33726 398 13816 13466 37791 15574 707
KC 16 18 307546 3910 68254 30412 398 11420 13928 29071 17244 635
KC 16 20 314333 3946 69739 29987 410 11179 14131 26601 18154 665
KC 16 22 305847 3945 69174 31239 407 11840 13917 28213 17984 708
KC 16 24 313911 3963 69140 29596 407 11242 14293 28897 18220 671
KC 16 26 311341 3997 69619 30895 435 11722 13984 27030 18565 676
KC 16 32 312401 3910 69674 32356 399 11420 13559 27062 17848 656
KC 16 38 317041 3709 67728 29043 396 10650 14487 27902 17510 821
KC 16 44 308741 3892 67939 30566 384 11585 13471 30355 17176 660
KC 16 50 306952 3826 66634 29240 391 11867 14597 33821 16809 650
KC 16 56 317685 3971 69128 29158 409 10760 15395 28740 17744 665
KC 16 62 313212 3911 68761 28600 404 11988 15302 30847 17763 632
KC 16 68 312253 3918 69280 30795 402 11467 14747 27878 18153 632
KC 16 74 313852 3850 69712 30286 403 11223 14625 27512 17881 669
KC 16 80 313153 3837 68448 29925 384 11103 13693 27644 17830 652
KC 16 86 315222 3879 69011 29479 398 10938 14834 27864 17866 653
KC 16 92 306800 3958 68081 34061 397 12043 13417 29150 17785 663
KC 16 98 314103 3945 69389 29949 418 11475 15726 28940 17863 648
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Core
Depth
(cm) Si Ti Al Fe Mn Mg Ca Na K P
KC 16 104 310100 4149 70825 32316 434 11732 15479 27035 18263 665
KC 16 110 304817 3938 67653 32116 415 11785 15070 29606 17496 674
KC 16 116 307516 3961 68113 31469 404 11515 14419 28652 17385 629
KC 16 122 308896 4056 69791 31346 441 11790 15535 28452 17320 680
KC 16 128 311433 4012 69814 31576 424 11406 15318 28330 17487 658
KC 16 134 310172 4052 70417 31518 432 11694 15616 28358 17800 695
KC 16 140 309237 4123 70043 32269 415 11670 14509 27718 18002 678
KC 16 146 304473 4060 69161 33661 415 12061 14270 28101 17836 641
KC 16 152 306970 4152 69996 32804 430 11899 14998 26291 18254 659
KC 16 158 307444 4216 69425 32812 435 11951 15021 26807 17677 682
KC 16 164 316065 4016 70079 30581 410 11020 14818 26217 18162 649
KC 16 170 304745 4039 69146 32212 408 11832 13784 26797 18111 636
KC 16 172 306316 4121 68849 32644 398 11787 13117 26790 18258 668
KC 16 174 309381 4046 69129 33774 401 11652 13348 25624 18138 660
KC 16 176 305453 3991 67671 34108 398 11954 13178 27167 17956 666
KC 16 182 299314 3996 64958 34837 398 12480 12477 27851 17162 631
KC 16 188 299468 3866 63603 35123 400 12538 12313 29381 16968 649
KC 16 194 310672 4103 69684 31874 430 11380 15686 27799 18191 1073
KC 16 200 300065 3944 65114 35357 396 12308 12192 27833 17264 711
KC 16 206 301177 4060 66701 33307 410 12235 13431 25728 17169 645
KC 16 212 305177 4057 68171 33749 405 11809 13474 27002 17388 674
KC 16 218 290313 3771 63687 33583 410 13342 12663 33697 16218 667
KC 16 230 304338 4113 68011 32986 417 11737 14182 27674 17451 652
KC 16 236 312064 4003 69083 30896 408 11047 14002 25922 18643 655
KC 16 242 308737 3932 67172 32681 401 11587 13550 27022 17506 648
KC 16 248 307546 4183 69386 34017 412 11970 13261 24560 18355 683
KC 16 254 301185 4067 67226 34676 403 12214 12581 27225 17845 706
KC 16 260 304756 3894 64820 32036 404 12145 12230 27834 17497 654
KC 16 266 305554 4132 68710 33110 413 12273 12906 27314 18777 668
KC 16 274 299468 3859 64247 31775 396 12665 13520 31888 17347 674
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APPENDIX IH-b
Minor element abundances in ppm for LMG04-04 KC16
Core Depth(cm) Ba Cr Ni Sc Sr V Y Zr
KC 16 0 399 45 20 13 223 85 22 213
KC 16 2 426 45 14 12 236 87 24 219
KC 16 4 420 42 8 12 245 85 22 211
KC 16 6 406 45 8 12 228 90 24 206
KC 16 8 431 47 11 12 237 95 22 315
KC 16 10 431 47 13 13 240 91 24 234
KC 16 12 405 49 12 12 254 88 22 210
KC 16 14 409 49 12 13 236 97 23 177
KC 16 16 378 47 15 13 223 97 23 189
KC 16 18 430 45 8 12 239 90 23 199
KC 16 20 434 48 14 13 244 95 24 235
KC 16 22 412 47 33 13 230 94 23 171
KC 16 24 424 43 35 12 243 90 22 180
KC 16 26 443 45 8 14 239 97 23 183
KC 16 32 428 50 13 12 232 101 22 180
KC 16 38 426 62 171 12 244 85 21 189
KC 16 44 428 44 9 12 232 94 21 214
KC 16 50 415 39 12 12 241 90 23 234
KC 16 56 431 45 12 13 253 89 23 206
KC 16 62 421 46 12 11 252 90 22 210
KC 16 68 415 43 6 12 238 95 22 185
KC 16 74 425 41 15 12 241 102 25 208
KC 16 80 427 45 28 12 237 92 22 236
KC 16 86 434 39 13 12 243 90 23 214
KC 16 92 406 38 11 12 217 94 23 200
KC 16 98 439 50 9 13 249 92 24 214
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Core Depth(cm) Ba Cr Ni Sc Sr V Y Zr
KC 16 104 418 46 12 13 244 104 24 224
KC 16 110 391 40 12 14 221 84 22 194
KC 16 116 416 48 8 13 224 88 22 216
KC 16 122 415 50 10 13 240 91 23 216
KC 16 128 426 44 9 12 242 95 23 252
KC 16 134 408 47 17 12 235 91 23 224
KC 16 140 428 44 5 14 233 102 24 231
KC 16 146 400 45 -2 12 215 98 23 216
KC 16 152 412 44 -4 14 222 101 24 216
KC 16 158 403 48 4 13 221 106 22 217
KC 16 164 415 46 -2 12 230 95 23 236
KC 16 170 412 42 12 14 223 98 22 189
KC 16 172 404 50 29 12 210 97 24 195
KC 16 174 402 43 10 13 210 90 22 178
KC 16 176 409 46 7 14 212 105 23 184
KC 16 182 372 49 12 12 185 103 22 195
KC 16 188 364 42 18 12 181 92 21 166
KC 16 194 408 43 26 13 236 97 23 237
KC 16 200 384 46 46 12 191 95 25 164
KC 16 206 405 54 20 14 206 108 28 200
KC 16 212 402 46 13 13 213 104 23 223
KC 16 218 375 44 36 12 192 114 22 170
KC 16 224 423 51 12 12 215 100 22 200
KC 16 230 417 43 21 13 230 129 22 206
KC 16 236 424 52 11 12 229 98 24 233
KC 16 242 413 49 9 12 217 101 23 216
KC 16 248 414 49 13 15 211 107 24 206
KC 16 254 396 47 19 13 203 100 23 189
KC 16 260 387 43 11 12 196 96 23 180
KC 16 266 418 46 17 14 208 102 25 200
KC 16 274 384 43 12 13 205 95 23 179
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APPENDIX III-c
Element ratios for LMG04-04 KC16
Core Depth(cm) Al/Ti Fe/Ti Si/AI P/AI Ba/AI Mn/AI
KC 16 0 17.3 8.5 4.4 0.0140 0.0061 0.0062
KC 16 2 17.6 7.9 4.4 0.0107 0.0062 0.0060
KC 16 4 17.9 7.4 4.5 0.0099 0.0061 0.0059
KC 16 6 17.2 7.4 4.5 0.0101 0.0060 0.0059
KC 16 8 17.3 7.5 4.6 0.0102 0.0064 0.0058
KC 16 10 17.3 7.6 4.6 0.0103 0.0064 0.0058
KC 16 12 18.1 7.8 4.6 0.0101 0.0061 0.0057
KC 16 14 17.4 8.0 4.4 0.0099 0.0060 0.0058
KC 16 16 16.9 8.7 4.2 0.0108 0.0058 0.0061
KC 16 18 17.5 7.8 4.5 0.0093 0.0063 0.0058
KC 16 20 17.7 7.6 4.5 0.0095 0.0062 0.0059
KC 16 22 17.5 7.9 4.4 0.0102 0.0060 0.0059
KC 16 24 17.4 7.5 4.5 0.0097 0.0061 0.0059
KC 16 26 17.4 7.7 4.5 0.0097 0.0064 0.0062
KC 16 32 17.8 8.3 4.5 0.0094 0.0061 0.0057
KC 16 38 18.3 7.8 4.7 0.0121 0.0063 0.0059
KC 16 44 17.5 7.9 4.5 0.0097 0.0063 0.0057
KC 16 50 17.4 7.6 4.6 0.0097 0.0062 0.0059
KC 16 56 17.4 7.3 4.6 0.0096 0.0062 0.0059
KC 16 62 17.6 7.3 4.6 0.0092 0.0061 0.0059
KC 16 68 17.7 7.9 4.5 0.0091 0.0060 0.0058
KC 16 74 18.1 7.9 4.5 0.0096 0.0061 0.0058
KC 16 80 17.8 7.8 4.6 0.0095 0.0062 0.0056
KC 16 86 17.8 7.6 4.6 0.0095 0.0063 0.0058
KC 16 92 17.2 8.6 4.5 0.0097 0.0060 0.0058
KC 16 98 17.6 7.6 4.5 0.0093 0.0063 0.0060
KC 16 104 17.1 7.8 4.4 0.0094 0.0059 0.0061
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Core Depth(cm) Al/Ti Fe/Ti Si/AI P/AI Ba/AI Mn/AI
KC 16 110 17.2 8.2 4.5 0.0100 0.0058 0.0061
KC 16 116 17.2 7.9 4.5 0.0092 0.0061 0.0059
KC 16 122 17.2 7.7 4.4 0.0097 0.0059 0.0063
KC 16 128 17.4 7.9 4.5 0.0094 0.0061 0.0061
KC 16 134 17.4 7.8 4.4 0.0099 0.0058 0.0061
KC 16 140 17.0 7.8 4.4 0.0097 0.0061 0.0059
KC 16 146 17.0 8.3 4.4 0.0093 0.0058 0.0060
KC 16 152 16.9 7.9 4.4 0.0094 0.0059 0.0061
KC 16 158 16.5 7.8 4.4 0.0098 0.0058 0.0063
KC 16 164 17.5 7.6 4.5 0.0093 0.0059 0.0058
KC 16 170 17.1 8.0 4.4 0.0092 0.0060 0.0059
KC 16 172 16.7 7.9 4.4 0.0097 0.0059 0.0058
KC 16 174 17.1 8.3 4.5 0.0096 0.0058 0.0058
KC 16 176 17.0 8.5 4.5 0.0098 0.0060 0.0059
KC 16 182 16.3 8.7 4.6 0.0097 0.0057 0.0061
KC 16 188 16.5 9.1 4.7 0.0102 0.0057 0.0063
KC 16 194 17.0 7.8 4.5 0.0154 0.0059 0.0062
KC 16 200 16.5 9.0 4.6 0.0109 0.0059 0.0061
KC 16 206 16.4 8.2 4.5 0.0097 0.0061 0.0061
KC 16 212 16.8 8.3 4.5 0.0099 0.0059 0.0059
KC 16 218 16.9 8.9 4.6 0.0105 0.0059 0.0064
KC 16 230 16.5 8.0 4.5 0.0096 0.0061 0.0061
KC 16 236 17.3 7.7 4.5 0.0095 0.0061 0.0059
KC 16 242 17.1 8.3 4.6 0.0096 0.0061 0.0060
KC 16 248 16.6 8.1 4.4 0.0098 0.0060 0.0059
KC 16 254 16.5 8.5 4.5 0.0105 0.0059 0.0060
KC 16 260 16.6 8.2 4.7 0.0101 0.0060 0.0062
KC 16 266 16.6 8.0 4.4 0.0097 0.0061 0.0060
KC 16 274 16.6 8.2 4.7 0.0105 0.0060 0.0062
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